A rapid and apparently specific turnover of phosphatidylinositol occurs in many tissues, which increases in response to physiological stimulation (see Mitchell, 1975;  Fain & Berridge, 1979 , for references). The percentage of cellular phosphatidylinositol involved in the heightened turnover appears to be minimal, although a net loss of the phospholipid can be observed in certain circumstances. This points to an enzyme system (or systems), specifically designed to hydrolyse this phospholipid, which is (or are) very tightly controlled. A variety of functions for stimulated phosphatidylinositol turnover have been suggested (for example, Michell, 1975; Hawthorne & Pickard, 1979;  lrvine & ), but they are as yet unproven. As a means of elucidating the physiological role of phosphatidylinositol turnover, we have investigated the ways in which animal cells can catabolize this phospholipid and how this catabolism may be controlled; we shall therefore here consider these various catabolic enzymes and their properties in uirro (see Fig. 1) .
First there is a Ca2+-independent phosphatidylinositol phosphodiesterase that is lysosomal in location (Irvine et al., 1977 . We have discussed elsewhere the properties of this enzyme and the possible role it may play in stimulated phosphatidylinositol turnover in brain and some other tissues (Richards el al., 1979) . Suffice to say that where stimulated turnover of the phosphoinositol moiety of phosphatidylinositol occurs in association with increased catabolism of other phospholipids, there is a strong possibility of increased lysosomal activity being responsible.
Lysosomes also have a phosphatidylinositol deacylating system. To our knowledge these are the only enzymes deacylating phosphatidylinositol assigned to a specific cellular location. White et al. (1971) have described a phosphatidylinositol total-deacylating activity in homogenates of guinea-pig pancreas with a pH optimum around 6.0. We have found a similar activity in sheep pancreatic juice with a more acid pH optimum (5.0) and with no requirement for Ca2+ (R. M. C.
Dawson & R. F. Irvine, unpublished work). These secreted enzymes are therefore very similar to those in liver lysosomes and may represent a secretion by specialized pancreatic 1 ysosomes. Despite the ability of lysosomes to deacylate phosphatidylinositol, the major route of phosphatidylinositol degradation by rat liver lysosomes either given a membrane or pure phospholipid substrate is by the phosphodiesterase to liberate phosphoinositol rather than deacylation to give glycerophosphoinositol (Irvine et Quinn, 1973) . The other cellular phosphatidylinositol-specific phosphodiesterase to be considered is the very active Ca2+-dependent enzyme found in all animal tissues so far examined (Dawson, 1959; Kemp et al., 1961 : Thomson, 1967 Allan & Michell, 1974) . Although it has been suggested that this enzyme is bimodally distributed between cytoplasm and membrane, our studies have indicated that in the brain at least it is exclusively cytosolic . It is generally regarded as the enzyme most often responsible for stimulated phosphatidylinositol degradation, and we have devoted some time recently to studying the mechanisms by which it may be stimulated or suppressed in uiuo. The initial observation that this enzyme is comparatively inactive on a membrane substrate (Low & Finean, 1976; and probably has sufficient Ca2+ to satisfy its requirements for this cation Irvine et al., 1979a) suggested that the physicochemical state of the membrane substrate may be the main controlling factor in phosphatidylinositol hydrolysis. For example, the introduction of unsaturated fatty acids into a membrane specifically increases the hydrolysis of phosphatidylinositol by a soluble brain extract (Irvine et al., 1 9 7 9~) ;
we have extended this preliminary observation to ask the questions, why is phosphatidylinositol in a membrane such a poor substrate for the enzyme, and what other stimulatory (or inhibitory) factors might there be? Several reasons for the low activity of the phosphatidylinositol phosphodiesterase in oiuo (or in uitro with a membrane substrate) emerge from the investigation of compounds that inhibit or stimulate the activity using a pure phosphatidylinositol substrate (Irvine et al., 19796) . For example, positively charged proteins (such as might be found in a membrane) and KCI at physiological concentrations (Allan & Michell, 1974; Irvine et al., 19796) inhibit the enzyme at pH7.0. Perhaps a more important inhibitory influence on the enzyme's activity against a membrane, however, is phosphatidylcholine. All choline-containing lipids that we have investigated are strongly 
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Phosphatidylcholine/ Phosphatidate/ phosphatidylinositol molar ratio phosphatid y linositol molar ratio Fig. 2 . Egect of (a) phosphatidylcholine and (6) phosphatidate on cytosolic and lysosomal phosphatidylinositol phosphodiesterases The cytosolic Ca2+-tlependent phosphodiesterase from rat brain inhibitory to the enzyme, 9 6 9 5 % inhibition being usually observed at an equimolar ratio to the phosphatidylinositol substrate, and of course in the normal cell membrane the phosphatidylcholine/phosphatidylinositol ratio would be much higher. This inhibition is unlikely to be caused by an effect on the substrate charge or by substrate dilution, but rather by a distinct and specific effect of the phosphocholine head-group on the 585th MEETING, GUILDFORD 29 enzyme (Irvine et al., 1979b) (in contrast phosphatidylethanolamine and phosphatidylserine are stimulatory). Further evidence that this is so comes from the comparative lack of effect of phosphatidylcholine on the lysosomal phosphatidylinositol phosphodiesterase (Fig. 2a) . Whereas equimolar phosphatidylcholine/phosphatidylinositol causes a 90% inhibition of the soluble Ca2+dependent phosphodiesterase from rat brain, this amount of phosphatidylcholine has little effect on the lysosomal activity. In this respect the latter activity resembles the bacterial (Ca'+-independent) activity studied by Sundler et al. (1978) . The cytosolic phosphatidylinositol phosphodiesterase shows a remarkable activation on adding phosphatidate; a 0.2 molar ratio between this and phosphatidylinositol stimulates the reaction many-fold. (Fig. 26; see also Irvine el al., 19796) . In contrast, the bacterial enzyme is inhibited by phosphatidate and it is interesting to observe that the lysosomal activity again behaves like the bacterial enzyme and is also inhibited (Fig. 2b) .
The stimulation of the cytosolic Ca2+-dependent phosphatidyliositol phosphodiesterase by phosphatidate has suggested a means whereby an autocatalytic amplification of phosphatidylinositol breakdown can occur since the diacylglycerol released can be readily converted into phosphatidate by diacylglycerol kinase (Hokin, 1968 ) and this in turn suggests possible reasons for the hydrolysis, and mechanisms whereby it can be initiated (Irvine et al., 1979b) . Indeed it is not unreasonable to suggest that a stimulation of diacylglycerol kinase [an enzyme which may be soluble or in membranes (Kanoh & Akersson, 1978) or possibly in microtubules (Daleo et al., 1976) l may be the first step in initiating phosphatidylinositol breakdown, and thus the phosphatidylinositol turnover phenomenon may be no more than an amplifying mechanism for the production of phosphatidate. As phosphatidate can act as a Ca'+ ionophore in a Pressman cell (Tyson et al., 1976) , it is pertinent to note that this possibility suggests a reason for the coincidence between phosphatidylinositol and 'Ca2+-gating' as suggested by Michell (1975) . We have prepared sonicated liposomes (Bangham et al., 1965 ) of phosphatidylcholine and investigated the effect of introducing 30 mol % phosphatidylinositol or phosphatidate into them on their Ca2+ permeability (measured as in Bangham et al., 1965) . The pure phosphatidylcholine liposomes lost Ca2+ at a rate of 0.4%/h. Liposomes containing 7096 phosphatidylcholine and 30% phosphatidylinositol lost their Ca2+ at a rate of 2.6%/h and those containing 7096 phosphatidylcholine and 3096 phosphatidate at a rate of 1 1.5%/h. Thus substituting 30% phosphatidylinositol for 30% phosphatidate in this artificial system land it must be emphasized that at the site of phosphatidylinositol hydrolysis, the molar percentage of phosphatidylinositol may well be higher (Irvine et ol., 19796)l causes a 4.4-fold increase in Ca2+ permeability; this could be of a sufficient magnitude for the small influx of Ca2+ that actually occurs in uiuo (Godfraind, 1979) .
The self-amplification potential of phosphatidylinositol hydrolysis has other possible functions, notably the release of arachidonic acid for prostaglandin synthesis ; the frequent coincidence between stimulated phosphatidylinositol turnover and prostaglandin release suggests that this amplification method may have been put to an alternative (or concurrent) use by tissues which are to release prostaglandins in response to physiological stimulation. Indeed, the spare agonist receptors which are linked in some way to phosphatidylinositol turnover (Michell et al., 1976) may exist for this very purpose.
Finally, another interesting property of the Ca2+-dependent phosphatidylinositol phosphodiesterase serves to illustrate the general principles of studying phospholipase regulation that we have discussed here. The Ca2+ dependency of the enzyme (from lymphocytes) was reported to depend on the pH at which it was assayed (Allan & Michell, 1974), and we have found that it also depends on the KCl concentration (Fig. 3) . The Ca2+ concentrations used here are of course well above those found intra- cellularly (and the enzyme must already have some Ca2+ in the brain extract for it to work at all), but the data do serve to emphasize how important it is when studying phospholipases to mimic the conditions that pertain in uiuo as accurately as possible before drawing conclusions as to pH optima, ion dependency etc.
It is this approach that we have used in the study of the lysosomal phosphodiesterase (Richards et al.. 1979 ) and the cytosolic phosphodiesterase (Irvine et al., 1979a,b) to gain insight into how they might be controlled in uiuo, and so to clarify the mechanisms, and perhaps the reasons for phosphatidylinositol turnover. Exocytosis, the process by which the contents of secretory granules are released from cells, is not yet understood in molecular terms. Electron microscopy suggests that fusion of the granule membrane with the plasma membrane is an important feature and that before this takes place, proteins are removed from the membrane zones which are to unite (Orci 8c Perrelet, 1978) . Increased turnover of phosphatidic acid and phosphatidylinositol usually accompanies exocytosis. It has been suggested that an increase in cytoplasmic free Ca2+ promotes hydrolysis of phosphatidylinositol and that the resulting diacylglycerol aids membrane fusion (Michell et al., 1976; Pickard & Hawthorne, 1978a) . The phospholipase C responsible for this hydrolysis is soluble and it might be expected, therefore, that the phosphatidylinositol substrate would be localized on the cytoplasmic faces of both vesicle and plasma membrane.
Electrical stimulation of synaptosomes causes loss of phosphatidylinositol from the synaptic vesicles (Pickard 8c Hawthorne, 19780) and also release of acetylcholine and other transmitters, presumably by exocytosis. If conversion of the vesicle phosphatidylinositol into diacylglycerol plays a part in exocytosis, its most suitable location would be in the cytoplasmic monolayer of the vesicle membrane. Since synaptic vesicles obtained from brain cortex are not homogeneous, the possible asymmetry of phosphatidylinositol distribution in the chromaffin granule membrane of the adrenal medulla has been studied.
Phosphatidylinositol kinase is present in the chromaffin granule membrane (Buckley et al., 1971 were incubated with ATP and inositol lipids were analysed after separation on a column of neomycin-treated beads (Schacht, 1978) . Fractions from the column were analysed for phosphate and myo-inositol, the latter by gas chromatography of the trimethylsilyl ether (Sweeley er a!., 1963). Preliminary results (Table 1) indicate that 4096 of the granule phosphatidylinositol can be phosphorylated under iso-osmotic conditions. The granules remained intact during the incubation and there was no loss of catecholamine from them. Under these conditions ATP does not enter the granules (Phillips, 1973) . When the granules were lysed, there was no increase in the proportion of phosphatidylinositol phosphorylated, confirming the results of Phillips (1973). This indicates that the reaction takes place in the cytoplasmic monolayer of the granule membrane. If, as in the erythrocyte, all the phosphatidylinositol is on one face of the membrane, it will be the cytoplasmic face. Under suitable conditions, therefore, it should be possible to phosphorylate all of it.
By analogy with the erythrocyte membrane (Low & Finean, 1977) , phosphatidylinositol would be located on the cytoplasmic face of the synaptosomal plasmalemma. Direct evidence is not yet available, but incubation of synaptosomes with ["PIphosphate and glucose leads to production of labelled phosphatidylinositol phosphates in the plasma membrane (Griffin 8c Table 1 . Phosphorylation of phosphatidylinositol in the adrenal chromafin-granule membrane Chromaffin granules were isolated by the method of Lefebvre et al. (1976) and incubated in the following medium at a granule protein concentration of 0.5 mg/ml: 2 ~M -A T P /~ m~-MnC1,/5 m~-NaF/5Orn~-Tris/HCl buffer (pH 7.4)/80m~-MgC1,/0.3 Msucrose. The incubation was for 1 h at 2OoC and each value below is the mean for results from four incubations. After incubation, lipids were extracted from trichloroacetic acid-treated granules, using chloroform/methanol/conc. HCI (200 : 200 : 1, by vol.) as solvent. Inositol lipids were separated and analysed as described in the text. Before phosphate analysis, fractions from the column were subjected to t.1.c. (Gonzalez-Sastre & Folch-Pi, 1968) . The values represent nmol of phospholipid/incubation tube (8 ml total volume). The phosphorylation results are means from two analysis methods. 
